Metallothioneins are signals of metal exposure and widely used in biomonitoring. Franciscana dolphin is an endemic cetacean from the Southwestern Atlantic Ocean, classified as Vulnerable A3d by the IUCN. Metallothionein, copper and zinc in Franciscana were assessed in two geographic groups; one inhabits La Plata River estuary, anthropogenically impacted, and the other inhabits marine coastal ecosystems, with negligible pollution. Despite the environment, hepatic and renal MT concentrations were similar, but there was a declining trend from early to later developmental stages. Metallothionein K/L, Cu and Zn levels corresponded to normal reported ranges. MT was not related with Cd. Fetal concentrations were higher than its mother. These results and the health status of dolphins are suggesting that MT correspond to physiological ranges for the species, and they are closely to homeostasis of Zn and Cu, according to its ontogenetic changes. The information constitutes the first MT information on Franciscana dolphin and can be considered as baseline for the species conservation.
Introduction
Biomarkers are successful in identifying contaminated areas and potential chemical stressors. They can be characterized as functional measures of exposure to stress, which are usually expressed at the sub organism level of biological organization. These responses are useful to establish absence of significant biological or ecological effects at the population, community or ecosystem level (Adams et al., 2001) .
Metallothioneins (MTs) are low-molecular weight proteins (6000-7000 Da), rich in cysteine (>30%) that bind metals and are found in all animal phyla. The sulphydryl groups (-SH) of this aminoacid bind divalent cations such as cadmium, zinc, copper and mercury (Hylland et al., 1994) . Therefore, these proteins play a primary role in the homeostasis of essential metals, such as copper (Cu) and zinc (Zn). However, non-essential metals, particularly cadmium (Cd), are also able to induce MT synthesis (Amiard et al., 2006; Roesijadi, 1996) . Because these characteristics, MTs have been regarded as an indicator of metal exposure, and widely used as a tool for biomonitoring programs.
Franciscana dolphin (Pontoporia blainvillei) (Gervais and d'Orbigny, 1844) ,is a small and endemic dolphin in the Southwestern Atlantic Ocean. Its geographic distribution ranges from Itaúnas (18°25 0 S, 30°42 0 W, Brazil, Siciliano, 1994) to Golfo Nuevo (42°35 0 S, 64°48 0 W, Argentina, Bastida et al., 2007) . The International Union for Conservation of Nature (IUCN) has classified the species as Vulnerable A3d throughout its geographical range (Reeves et al., 2012) , due to the population decline of more than 30% over three generations, with 2000-3000 dolphins incidentally captured in fishing nets each year. Because of its vulnerability as bycatch, P. blainvillei has been considered the most impacted small cetacean in the Southwestern Atlantic Ocean (Secchi and Wang, 2002) .
Based on mitochondrial deoxyribonucleic acid (DNA), and morphometric and population parameters, Secchi et al. (2003) proposed four Management Areas for Franciscana dolphin. These areas correspond to two coastal zones in Brazilian waters (Areas I and II), one zone along the coast of southern Brazil and Uruguay (Area III), and one zone in Argentine waters (Area IV) (Fig. 1) . Recently, available information on home range , population genetics (Mendez et al., 2008 (Mendez et al., , 2010 and toxicology (Polizzi et al., 2013) suggest discrete stockes within Area IV. Within this zone, and along the coast of Buenos Aires Province, two main ecosystems occur: the La Plata River estuary and the marine coast south of the estuary (Fig. 1) .
The estuarine area is influenced by most urban and industrial waste, and effluents are discharged into the river without treatment (Carsen et al., 2003) , due to large cities such as Buenos Aires and La Plata (Argentina), and Montevideo (Uruguay), which have more than 15 million residents. In contrast, the marine coastal area is unaffected by the contaminated estuarine waters. Some of the major tourist cities of Argentina are located in this area, but they produce a minor environmental impact on the marine coast.
Therefore, the aims of this study were to assess the levels of MTs and the ontogenetic pattern in liver and kidney of P. blainvillei from two areas with different impact; and to evaluate the role of MTs as biomarker of environmental stress in top predators.
Materials and methods

Study area and sampling
Franciscana dolphins (n = 55, Fig. 1 ) were collected from two coastal areas of Buenos Aires Province (northern Argentina): the La Plata River estuary (environment with recognized impact) being the ''estuarine geographical group of species'' (n = 27), and the marine coast area (environment with low or null impact) at the south of the estuarine zone being the ''marine geographical group'' (n = 28) Table 1 . Three stillborn fetuses (umbilical cord remnants) and one pair of mother-fetus were included in the ''marine geographical group''.
All the dolphins were incidentally capture in fishing nets being entangled for a period less than 10 hs until sampling. To assess the body condition, the Relative Index of Body Condition (Kn) of Le Cren (1951, Recorded Body weight/Estimated Body Weight) was calculated. The estimated weight was obtained from the lengthweight curve using the following equation previously published Before necropsy, total length, weight and sex were determined for each dolphin (Fig. 1) . Samples of liver and kidney were collected, immediately frozen in liquid nitrogen and stored at À80°C until analysis.
Age determination and fine scale adjustments to decimal year
Age was determined by Dr. Denuncio (Polizzi et al., 2013) using Growth Layer Groups (GLGs) in dentine and cementum dental layers, and each GLG was considered to be one year (Pinedo and Hohn, 2000) . Harrison et al. (1981) and Kasuya and Brownell (1979) found that peak calving for Franciscana occurs in November in Uruguay. In Argentine waters, based on chronological information of newly born, calving occurs from early October to early February with a peak in November . On the basis of this information, we used mid-November as the mean birth date for calves to estimate the fine scale age (by month).
According to maturity, Franciscana dolphins were classified into four categories:
Fetus: one dolphin found in the womb, and two stillborns. Calves: suckling (only milk in their stomachs), mix diet (milk and solid prey), and weaned (only solid prey) dolphins with age less than one year (Kasuya and Brownell, 1979; Denuncio et al., 2013) . Juveniles (sexually immature): 1-3.5 years old (Kasuya and Brownell, 1979; Panebianco et al., 2012) . Adults (sexually mature): 3.5 onwards (Kasuya and Brownell, 1979) .
Metallothionein assay
The MT assay was performed according to the spectrometric method described by Viarengo et al. (1997) . The absorbance was read at 412 nm, and MTs concentration was quantified using reduced glutathione (GSH) as a reference standard. The amount of MTs was calculated based on cysteine content in rabbit (18 cysteines/mol), assuming a similar SH group content in Franciscana dolphin MTS. All samples were analyzed in triplicate, blanck were performed and the MTS concentration was reported as nmol MT per gram of wet tissue.
Cu and Zn assay
Lyophilized liver and kidney samples were accurately weighted to the nearest 0.1 mg and were subjected to microwave-assisted digestion in Teflon™ vessels with 2 ml HNO 3 (65%), 1 ml H 2 O 2 (30%) and 5 ml of 18.2 MX cm deionized water. After cooling, samples were diluted to 50 ml with 18.2 MX cm deionized water in a volumetric flask. Cu and Zn levels were determined by inductively coupled plasma mass spectroscopy (ICP-MS, PerkinElmer, Sciex, DCR 2). An internal standard ( 103 Rh, CertiPUR Ò , Merck) was added to each sample and calibration standard solutions. Quality control and quality assurance included field blanks, method blanks, and CRMs -DORM-2 and DOLT-3. Recovery of Cu y Zn in CRMs ranged from 85% to 100%, averaging 90 ± 5%. The reported concentrations for both elements are expressed on a wet weight basis in ng/g. Dry weight conversion were performed according Yang and Miyazaki (2003) .
Statistical analysis
Homoscedasticity of data was checked with Levene test (p < 0.05). Statistical differences were checked by parametric (Student-t or One factor ANOVA), or non-parametric (Mann Whitney) tests. All analyses were conducted with the software STATISTICA Ò 6.0 (Statsoft, Inc.).
Results
The Relative Index of Body Condition (Kn) varied from 0.73 to 1.37, and both estuarine (0.95 ± 0.11) and marine (1.05 ± 0.10) dolphins presented values very close to 1.00, with no indication of an impoverished condition.
The concentrations of MTs, Zn and Cu in liver and kidney of the two studied geographic groups of Franciscana dolphins are showed in Fig. 2 . They are presented by age classes, without distinction of sexes, due to the absence of significant differences between them (p > 0.05). For each age class and geographical group, renal concentrations of MTs were similar than those from liver ( Fig. 2A and B) . Mean levels of MTs in both tissues showed a decreasing trend from calves to adults in both marine and estuarine dolphin groups, although these differences were not significant (p > 0.05 ). Some calves, juveniles and adults of Franciscana dolphins presented higher concentrations than mean values of their own age class, mainly in kidney of both geographical groups ( Fig. 2A and B) ; in fact, they correspond to the highest levels found in the species.
Ratios of MTs concentrations of liver-kidney (MT K/L) were determined. Estuarine dolphins presented ratios of 1.2 (±0.4) and 1.3 (±0.2) for juveniles and adults, respectively; instead, marine dolphins showed ratios of 1.0 (±0.4) in juveniles and 1.1 (±0.7) in adults.
Zinc concentrations were higher than those of copper, and hepatic levels were higher than those of kidney for all age classes and geographic groups (Fig. 2C-F) ; although both metals presented the same distribution pattern by age class, tissues and geographic group, Hepatic fetal levels were the highest found for the analyzed dolphins. Moreover, the mean concentrations of Zn and Cu in kidney of estuarine dolphins were similar between juveniles and adults; while there was a decrease with age in marine organisms. Related to Cu in liver, adults presented higher levels than juveniles, even though a significant difference was found only in estuarine geographic group (Z: À2.63493, p = 0.008416). In contrast, the liver did not show a variation for the mean concentrations of Zn, in dolphins from both geographic groups.
Renal and hepatic concentrations of MTs do not correlate to those levels of Cu and Zn, in both estuarine (r 2 = 0.0001-0.0360, p > 0.05) and marine (r 2 = 0.061-0.3233, p > 0.05) groups. They not showed some correlation with those Cd levels reported previous to this study (Polizzi et al., 2013) in the same dolphins analyzed here (estuarine, r 2 = 0.0075-0.1977, p > 0.05; marine, r 2 = 0.0832-0.0343, p > 0.05).
As mentioned above, the marine fetus showed the highest hepatic MTs concentration found in the both geographic groups (Table 2 ). This level was 1.4 times higher than her mother, while renal concentrations were 0.7 time lower. The mother presented hepatic concentration 1.6 times higher than those found in marine females without evidence of pregnancy, while in kidney the values were similar. With regard to fetuses from estuarine geographical group (unfortunately they have not an associated mother due to correspond to spontaneous abortions), they showed different MTs concentrations than the marine fetus (see Table 2 ).
Discussion
Early studies on MTs in marine mammal were published in the 1970s, and they were in pinnipeds, Callorhinus ursinus -Northern fur seal, Halichoerus grypus -Grey seal - (Olafson and Thompson, 1974) , and Zalophus californianus californianus -California sea lion - (Lee et al., 1977) ; and in 1980 they were also in cetacean, Physeter macrocephalus -Sperm whale - (Ridlington et al., 1981) , Monodon monoceros -Narwhal - (Wagemann and Muir, 1984) , Stenella coeruleoalba -Striped dolphin - (Kwohn et al., 1986 (Kwohn et al., , 1988 . The paucity of information about MTs in this biological group is associated with the difficulty to obtain samples in suitable conditions of conservation for this kind of analysis. Furthermore, catch of marine mammals in some countries such as Argentina, is legally forbidden, whereby the sampling is closely associated with bycatch and/or stranding. Even these, only catch samples, such as those analyzed here, are possible to use for the evaluation of MTs, due to dolphins were obtained immediately after capture. In the case of P. blainvillei, MTs information is null, recording no reports throughout the geographical distribution of the species.
The MTs are involved in the homeostatic processes to engage Cu and Zn (Klaassen, 2001) , and the protection against heavy metal toxicity, such as Cd, and oxidative stress detoxification (Carpene et al., 2007; Higashimoto et al., 2009; Klaassen, 2001) . In marine mammals they were associated with the homeostasis of essential metals and defenses of Cd effects, in both pinnipeds (Ikemoto et al., 2004a; Pillet et al., 2002; Sonne et al., 2009; Teigen et al., 1999) and cetaceans (Das et al., 2002 (Das et al., , 2004 (Das et al., , 2006 Falconer et al., 1983; Ikemoto et al., 2004b) . Therefore, metallothioneins are considered as valid biomarkers in medicine (Carpene et al., 2007) and environmental studies (Blackmore and Wang, 2004; Teigen et al., 1999; Sheehan et al., 1995; Sonne et al., 2009 ). Moreover, they are induced and synthesized de novo when the natural levels are surpassed (Haux and Forlin, 1988; Olsson et al., 1987) .
In Franciscana dolphin, it is evident that renal and hepatic concentrations of MTs are similar, regardless of geographical group analyzed. Furthermore, in both groups and tissues, there is a high variability in concentrations within each age class, suggesting a significant individual variation in the sampled populations. Notwithstanding those similarities, some Franciscana dolphins presented MT levels outside of the range, mainly in kidney of juveniles and adults. Similar situations were reported in pinnipeds (Sonne et al., 2009 ) and humans (Allan et al., 2000; Liu et al., 2007; Wu et al., 2000) .
Levels of Cu and Zn in Franciscana dolphin were similar to those previously reported by Marcovecchio et al. (1990) and Gerpe et al. (2002) for Argentine waters, and by Lailson-Brito et al. (2002) for Brazilian waters. Besides, Law et al. (1991) reported a range of active regulation of both metals in liver, being from 3-30 lg g À1 for Cu (a factor of 10) and 20-100 lg g À1 for Zn (a factor of 5), approximately. Organisms with levels outside of these ranges, would indicate that the mechanisms of regulation could be impaired (Law et al., 1991; Wood and Van Vleer, 1996) . The pattern distribution of metals and tissues were zinc > copper and liver > kidney, and they were also found for Franciscana dolphin in previous studies, and for other species of cetaceans (Wagemann and Muir, 1984 Law et al., 1996) . Zinc is an essential micronutrient for normal growth and development, such as copper (Prohaska and Gybina 2004) , which is necessary for the function of more than 300 enzyme systems of mammals, regulating metabolic processes (Tapiero and Tew, 2003) . Reports in cetacean (Law et al., 1992 , for several species; Wood and Van Vleer, 1996, for Bottlenose dolphins), and pinniped species (Law et al., 1992 , for grey seal and common seal -Phoca vitulina; Teigen et al., 1999 , grey seal), suggested that concentrations of copper decrease during the first year of life and are followed by the maintenance of fairly constant concentrations throughout an animal's life. Franciscana dolphin presented the same relationship from fetuses to calves, meaning the first year of life, showing an increase in mean values from juveniles to adults in liver but not in kidney. Similar pattern for both fetus and calf age classes was reported previously for the same species in Argentine waters (Gerpe et al., 2002) , but adults contained the highest concentrations of Cu and Zn, followed by juveniles and calves in decreasing order. Therefore, and in contrast with our results, Gerpe et al. (2002) found an age-related accumulation of both metals in the species. Robbins (1983) postulated that mammalian milk is characterized by low contents of copper; therefore, it is likely to be a dilution effect associated with growth in mass after birth combined with a decreased supply of copper. Otherwise, decrease of copper levels in liver neonate was found in Tursiops truncaturs (Wood and Van Vleer, 1996) and in newborn human during the first year of life (Aaseth and Norseth, 1986) . The declines of essential metal concentrations from fetus to calves of Franciscana dolphin, was in general terms accompanied with a decrease of hepatic levels of MTs. These outcomes were also reported as a dilution effect of this protein in young Grey seals (H. grypus, Teigen et al., 1999) .
Although MTs values showed no clear relationship with the concentrations of Cu and Zn, but there was a trend, regardless of geographical group, to decrease the concentrations of MTs from juveniles to adults. These results are in agreement with the information provided by Teigen et al. (1999) for H. grypus, Wood and Van Vleer (1996) for Tursiops truncatus, and those by Andrews et al. (1984) and Chan and Cherian (1993) for terrestrial mammals. Even it has been proposed that the capacity of renal tissues to produce MT may be decreasing in old age due to less efficient protein synthesis (Nordberg, 1998) . Although an increase of MT levels with age was reported for pinnipeds -(Phoca hispida -ringed seal, P. groenlandica -harp seal -and Cystophora cristata -hooded seal, Sonne et al., 2009; H. grypus, Teigen et al., 1999 and Phoca vitulina, Tohyama et al., 1986 ), but they were closely associated with high concentrations of cadmium. Anyway, cadmium concentrations reported by these authors were higher than those published in the dolphins analyzed here by Polizzi et al. (2013) . The maximum concentration of cadmium found in kidney was 14.87 lg g À1 and in liver 9.7 lg g À1 (wet weight). Furthermore, these levels are lower than those reported as values from which toxic effects may be manifested, liver 20 lg g À1 and kidney 200 lg g À1 (Law et al., 1996) . Related to its accumulation processes, renal concentrations in marine dolphins increased since trophic independence (from 1 year old). Meanwhile, the liver of both marine and estuarine dolphins presented recently accumulation with age from the 6 years old. Despite this difference in accumulation patterns, they are not reflected in the concentrations and/or patterns of MTs. The behavior of MTs in P. blainvillei could indicate that levels found do not correspond to responses to the presence of Cd in tissues, being that this is a potent inducer of them (Das et al., 2000; Goyer and Clarkson, 2001; Law et al., 1992) . Moreover, the environment inhabited by the estuarine group of Franciscana dolphin is influenced by the La Plata River, which is recognized as a high impact environment containing contaminants that can induce the synthesis of MTs. However, levels of MTs in estuarine dolphins do not exceed those found in the marine group. These results suggest that the potential stressors present in La Plata River estuary do not cause impact on the induction of these proteins. It is evident that concentrations of MTs in the species would be a consequence of Cu and Zn levels in liver and kidney of both geographical groups, as a result of their physiological function in the homeostasis of these essential metals. Furthermore, the body condition index, in both marine and estuarine Franciscana dolphins, evidenced no abnormalities; indeed they would indicate a good health status. These ratios were close to 1, and were consistent with results obtained in previous studies for dolphins of the same area .
Fetal period is characterized by a high metabolic rate, elevated development and growth, and high amounts of nutrients, such as Zn and Cu, are involved, (Mc Ardle and Ashworth, 1999) . During this stage relevant processes are presented, from cell proliferation to organ differentiation (Dorea, 2000; Law, 1995) , and relatively high levels of MTs associated to Zn and Cu are present in the liver (López de Romaña et al., 2011; Murillo-Fuentes et al., 2010) . The marine fetus (in the womb of her mother) presented higher metal and MT levels, mainly in liver, than mean values of the rest of dolphins, even of those of estuarine averages (see Table 2 ). Similar results, where fetuses have much higher concentrations than those corresponding to their mothers, were previously reported in S. coeruleoalba (Honda et al., 1982) , Phocoenoides dalli -Dall's porpoise - (Fujise et al., 1988) ; Phocoena phocoena -harbour porpoise - (Law et al., 1992) and H. grypus (Teigen et al., 1999) . This information is in accordance with the increase transfer of Zn from mother to fetus during pregnancy found in H. grypus (Teigen et al., 1999) . In contrast, the only report about fetus in Franciscana dolphin in Argentine water, found that Cu and Zn concentrations were lower than those found in their mothers (Gerpe et al., 2002) . In the estuarine group, the stillborns presented higher metal concentrations than mean values of females, while MT levels were variable, above and below of the average of females. These dolphins are the result of spontaneous abortions, and being these relevant situations of stress, probably it was the cause of the lack of a defined pattern regarding adult females of this group geographic. In relation to the pregnant female, coincidentally with previous studies in pregnant women (Mc Ardle and Ashworth, 1999) and rats (Piletz et al., 1983) , MT concentrations are higher than nonpregnant females.
Finally and based on the Zn, Cu and MTs information obtained in P. blainvillei in connection with body condition indexes, it is can be said that analyzed dolphins in this study correspond to healthy organisms, and that those levels correspond to background physiological values.
Conclusions
Considering that as the ratios MT K/L were within normal ranges, MT levels showed no differences between the two analyzed geographic groups and potentially exposed to environmental stressors, and the distribution pattern of concentrations decreasing from fetuses to adult relating to organisms with low or null impact, it is feasible to suggest that MT levels in P. blainvillei correspond to physiological ranges for the species, and they are closely related to homeostasis processes for the regulation of Zn and Cu levels, according to its ontogenetic changes.
The information found here is the first report on metallothioneins in Franciscana dolphin, a species that has been classified as Vulnerable A3d by the International Union for Conservation of Nature (IUCN), and can be considered as baseline data for future studies and those related to its conservation.
